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Abstract  

The present study aims at defining a methodology for analysing and processing 
crop yields,  that together with an integrate use of hardware (GPS) and software 
(GIS, Geostatistics) tools, will allow the acquisition, the analysis, and the carto-
graphic representation of information for identifying isomanagement areas and op-
timize the agrotechniques. 

In the Educational-Research University Farm “Menozzi” during the three-year 
(2000-2002) period a cultivated field (Zea mays L.) was monitored by applying 
geostatistics techniques for analysing the internal  variability. 

The georeferentiation of the soil and vegetation samples allowed to create, 
through appropriate spatialization techniques, yield variability maps for each year. 

Thereafter, through the spatial and temporal analysis carried out by applying a 
methodology previously proposed, it was possible to obtain a yield map where the 
firmly high productive, firmly low productive and instable in time areas are 
clearly indicated. 

These areas can be considered isomanagement areas where it will possible to 
evaluate a different application of agronomical production factors (water, organic 
matter, chemicals, labour etc.). 

1. Introduction 

Most of the cultivated fields present significative variability in soil parameters; 
part of the variability is natural, part is generated and related to agronomic prac-
tices. The complexity of the agroecosystem is due to the interactions of its spatial 
and temporal components (Verhagen and Bouma, 1997; Pierce and Nowak, 1999). 

Notwithstanding that the agricultural crops react, as natural, in a differentiated 
way, the farmers consider the cultivated fields and the crops as homogeneous. 
This can lead, particularly for intensified and high-input systems, to a low use ef-



ficiency of the production factors, and, in turn, both to significative risks of con-
tamination and a decrease of  farmer income.  

The so called Precision Farming (PF), based on the knowledge of the internal 
field variability, tries to decrease these risks by moduling the use of the production 
factors which are distributed, according to the needs, with machines equipped with 
Variable Rate Technology (VRT) instruments.  VRT, compared to Uniform Rate 
Technology (URT) is considered with increasing interest for its real economical 
and agro-environmental advantages (Babcock and Pautsch, 1997; Baker, 1999; 
Ebelhar et al. 2000; Griffin et al. 2000; Whitley et al, 2000; Wang et al. 2003) and 
there are already many application fields (Ferguson et al. 2002; Bechdol et al. 
2000; Chosa et al. 2003). Since the implementation of a PF systems requires the 
individuation of homogeneous areas where to apply the same management (Flem-
ing, 2003; Walker, 2004) one of the priority of the agronomic research is the 
knowledge of the variability of the main soil and crop components (Bocchi et al., 
2000). 

 The present study aims at individuating an acquisition and elaboration data  
process allowing the analysis and the representation of the so called isomanage-
ment areas, so that it will be possible to plan agronomic techniques modulated 
both at field and landscape scale.  

2. Materials and methods 

2.1 Site description and field measurements 

The study was carried out at Menozzi farm at Landriano (Pavia province) on the 
field “Bruciata” with a surface of 2.07.10 ha.a.ca. The soil and crop samples were 
collected in the knots  of a regular grid of 5.6 x 16 m. The centres of the recovered 
rectangular supports were georeferred through a DGPS. 

2.2 Yield data survey 

Corn (Zea mays L.,  FAO class 600) was grown by adopting the traditional agro-
techniques able to avoid the most common internal limiting factors (i.e. water, nu-
trients, weeds, parasites). The harvest was carried out with a combine plot thresh-
ing machine collecting  the three central rows of each support 6 m length. Every 
year a total of 143 supports were harvested. After harvesting the yield (t/ha) was 
measured and was determined  humidity (%) and the 1000 grains weight (g dw). 

2.3 Exploratory data analysis and spatial analysis 

The esploratory data analysis for each of the analysed variable and for each year 
included the computation of the following statistics: average, standard deviation, 



variance, coefficient of variability, skewness, kurtosis. The spatial distribution of 
1000 grain weight and grain yield was analysed through the study of the matrix of 
the experimental omnidirectional direct and cross semivariograms. The choice of 
the model fitting the semivariogram was carried out with an automatic procedure, 
by selecting previously the mathematical functions and by recovering the best one. 
The geostatistical analysis was carried out with ISATIS v. 5.0 (Geovariances).   

2.4 Validation 

The fitting process results were evaluated through Cross Validation technique. 
The values exceeding 2.5 (± 2.5) standard error were selected as outliers non in-
cluded inside the confidential range of 95 % of the normal distribution. 

2.5 Interpolation techniques 

Different interpolation techniques were adopted based on the type of observed 
variability for improving the quality of the spatialization and representation proc-
esses. Punctual Cokriging and the Inverse Distance Weighted (IDW) were se-
lected. 

The cross semivariogram represents a measure of the joined variability between 
two variables, since it is obtained by halving the average of the product of the in-
crements h related to two attributes z and zi : 
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When one or more variables are estimated as linear combination, by using both 

the spatial relation and the one between variables, the interpolation techniques is 
called cokriging. The cokriging equations are: 
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The IDW interpolation method requires that the value assumed by a parameter 

in a not measured site is influenced by the values assumed by the same parameters  
in a spatial surrounding range, in inverse relation to a power of the distance be-
tween the point and its neighbours. 
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Where z *(xj) represents the interpolated value at the knot of the interpolation 
grid Zi the known value, dij the distance between the interpolated point and the 
known value  and p the exponent of the weight function. 

 

2.6 Analysis of the space-time variability with GIS technique 

Once produced the yield maps, the components of the variability at time and space 
scale were included by applying a specific methodology proposed by Blackmore 
and Larscheid (1997). For including the space component of the variability, the 
temporal trend was removed so that the normalized  year-averages map was pro-
duced. The normalization was carried out separately for each temporal series by 
setting equal 100 the annual average and by calculating the new average among 
the obtained results. It was also possible to represent the temporal stability with a 
map showing those areas with firmly yield performance or, vice versa, with high 
time-variability during the considered period. 

This map was generated by measuring the variation coefficient of the normal-
ized yield values at the knots of the grid utilized for the field sampling. 

The two maps, spatial trend and temporal stability, were finally combined in a 
sole agro-management map, by an overlaying function of the Geographic Informa-
tion System software. 

3. Results and discussion 

3.1 Exploratory data analysis and spatial analysis 

Different nested  mathematical models, that is to say obtained with the sum of dif-
ferent spatial structures, were evaluated. Due to the evident presence of trend in 
the experimental variogram, it was opted for adapting the K-Bessel function. 
For years 2000 and 2002 the direct and crossed experimental semivariograms, cal-
culated on three directions (0 °, 45 °, 90 °) did not show particular differences so 
that a omnidirectional semivariogram was chosen. During the phase of interpola-
tion a regular grid (1.5 x 1.5 m) able to completely cover the field was adopted. 

By analysing the experimental semivariograms showed in Figure 1 and 2 it is 
possible to observe a good spatial structure of the considered parameters. More-
over, since they are not limited, it is possible to assume a structured variation at a 
larger scale than the one used for the sampling process. The results of the cross 



validation confirm the goodness of the fitting by the chosen models and, in turn, 
the goodness of the kriging interpolation. (Table1 and Table 2) 

 



 Fig. 1. Fitting of the experimental direct and crossed semivariograms year 2000 

 

Fig. 2 Fitting of the experimental direct and crossed semivariograms year 2002 

 



(*) A data is robust when its Standardized Error lies between -2.5 and 2.5 

Yield grain (t/ha), 2000 Weight of 1000 grains (g), 2000 
Statistics based on 139 test data Statistics based on 139 test data 

 Mean         Variance Mean         Variance 
Error            0.08458       3.12075   Error          0.08449     206.63348 
Std. Error     0.04153       0.87960   Std. Error    -0.00701       0.99543 

Statistics based on 139 robust data (*) Statistics based on 138 robust data (*) 
Mean         Variance Mean         Variance 

Error            0.08458       3.12075 Error            0.34950     181.94994 
Std. Error     0.04153       0.87960 Std. Error     0.02351       0.87311 

Table 1. Cross validation results for grain yield and 1000 grains weight – year 2000 

 

 (*) A data is robust when its Standardized Error lies between -2.5 and 2.5 

Yield grain (t/ha), 2002 Weight of 1000 grains (g), 2002 
Statistics based on 139 test data Statistics based on 139 test data 

Mean       Variance Mean         Variance 
Error             0.08458       3.12075 Error           -0.08449     206.63348 
Std. Error      0.04153       0.87960 Std. Error    -0.00701       0.99543 

Statistics based on 139 robust data (*) Statistics based on 138 robust data (*) 
Mean       Variance Mean         Variance 

Error             0.08458       3.12075 Error           0.34950     181.94994 

Table 2.  Cross validation results for grain yield and 1000 grains weight – year 2002 

For years 2001 the experimental semivariogram did not show structured vari-
ability for grain yield (Figure 3). Such result seems to be consistent to the mete-
orological course of the year 2001: an heavy attach by Ostrinia nubilalis L. was 
followed by a summer stormy. As it was impossible to find out structure in varia-
tion of grain yield, the IDW interpolation method was used. 

 The result of such interpolation is the typical  so called “salt and pepper” map, 
where high yielding area are close to low yielding ones. 



 

Fig. 3. Experimental variogram of grain yield (year 2001) 

3.2 Spatiotemporal analysis through GIS 

For better understand some of the spatial aspects of variability it was necessary to 
remove the temporal trend representing the yields in normalised form. The nor-
malization was carried out separately for each temporal series (Figure 8). 

 

Fig. 3. Normalized grain yield map 

 



To make easier interpreting the normalized yield map it was divided in three 
classes: low (normalized grain yield<0,3), medium (0,3<normalized grain 
yield<0,6) and high (0,6<normalized grain yield<0,1) (Figure 9). 

Fig. 4. Spatial trend grain yield map 

The three yield data sets were also elaborated to create the temporal stability 
map, which identifies those areas stable or highly variable over the time period.  

Fig. 5. Coefficient of Variation Map of the normalized grain yield 

 



This map was produced by calculating the variation coefficient; the values of 
the coefficient of variation, even in this case, were classified in a limited number 
of classes such as unstable (CV>30 %) and stable (CV<30 %) (Figures 10 and 11). 

Fig. 6. Temporal stability map of grain yield  

The two maps, spatial trend and temporal stability, were combined in a sole 
map of agronomic management, through a overlaying function of a GIS. This map 
allows individuating three groups of areas: those where the grain yield is signifi-
cantly and firmly high over the three-year period, those where the yield is firmly 
low, and those where the yield level changes every year (Figure 12). 

Fig. 7. Synthetic map of spatial trend and temporal stability 



4. Conclusion 

The results of the present study, carried out at field scale, allow observing that: 
1. the grain yield, even though  characterized by strong fluctuations, due to the 

peculiar bio-climatic conditions of the considered years, showed a good  struc-
ture of variability. This structure allowed to adequately exploit geostatistics and 
kriging procedures in spatialization processes; 

2. the spatial structure of the grain yield, maintained along the period, allowed and 
justify, for the interpolation and estimate, the use of the same set of functions; 

3. GIS analysis allowed studying deeply, but easily the spatial and temporal com-
ponents of the yield variability. The temporal component, after individuation, 
was removed through a de-trendization process so that it was recovered infor-
mation on the yield spatial trend; 

4. the combination of the two components allowed to produce a map useful to in-
dividuate limiting factors, optimize agrotechniques, reduce impacts, increase 
economical income; 

5. with GIS technology, it is possible to create a Farm Information System or a 
Landscape Information System for applying the present methodology at differ-
ent scales. 
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